ABSTRACT
INTRODUCTION
Magnetic nanoparticles play an important role for biomedical applications such as: target drug delivery [1 -3] , contrast enhancement in Magnetic Resonance Imaging (MRI) [4 -5] or cancer hyperthermia [5] . Surface functionalization of magnetic nanoparticles is necessary in order to improve dispersion and some biochemical characteristics [6] . While organic materials are commonly used for functionalization purposes, polymeric micelles are regarded, by themselves, as multifunctional materials for drug delivery and diagnostic imaging [7] . Nanostructures formed from the copolymer with hydrophilic and hydrophobic self-assembly separate chains can create supramolecular core-shell structures (10 -100 nm) dispersed in water. The hydrophobic core of the micelles have the ability to load the hydrophobic agent, and the hydrophilic shell helping the nanoparticles stabilized in water [8] . It has been reported recently that Fe 3 O 4 nanoparticles incorporated in the polymer micelle has enhanced biocompatible and prolonged the present time of the systems in the blood circulation [9] .
In this report, we present the research of a multifunctional system consisting of Fe 3 O 4 nanoparticles synthesized by co-precipitation method coated with a copolymer of co(lactide)-polyethylene glycol (PLA-PEG) and loaded with curcumin to form Fe 3 O 4 @PLA-PEG/Cur drug delivery nanosystem dispersed in water. The structure and physicochemical properties of the system were characterized by multiple methods of analyzing. 
MATERIALS AND METHOD

Materials
The synthesis of PLA-PEG copolymer and Fe 3 O 4 nanoparticles
PLA-PEG copolymer with different PLA:PEG mass ratios were synthesized by ring opening polymerization reaction between lactic monomer and polyethylene glycol (PEG) in the presence of catalyst tin (II) 2-ethylhexanoate [10] . PLA-PEG copolymer was dissolved in DCM (1 mg/ml) and stirred for 24 hours, then H 2 O was added to form a liquid mixture that was stirred for another 24 hours to disperse PLA-PEG copolymer from DCM to H 2 O. DCM solvent was then evacuated to obtain dispersion of PLA-PEG copolymer in H 2 O (1 mg/ml).
Fe 3 O 4 nanoparticles were synthesized by co-precipitation method [11] nanoparticles various as 1 mg/ml, 2 mg/ml, 3 mg/ml, 4 mg/ml, 5 mg/ml and fixed PLA-PEG copolymer concentration of 0.3 mg/ml. The obtained magnetic fluid solutions were denoted correspondingly as 1F.3P, 2F.3P, 3F.3P, 4F.3P and 5F.3P. Then, curcumin dissolved in C 2 H 5 OH 4 mg/ml was slowly dropped into 3F.3P solution, stirred for 48 hours, and then ethanol was allowed to vapour to obtain Fe 3 O 4 @PLA-PEG/Cur nanoparticles solutions.
Measurement and characteristic of sample
Size and size distribution of nanoparticles were characterized by TEM (GEOL, Japan). Structure of the particles was determined by FT-IR spectroscopy (Shimadzu FT-IR Prestige-21, Japan). Saturation magnetization (M s ) was measured by a homemade vibrating sample magnetometer (VSM). The percent by mass of PLA-PEG and curcumin in nanoparticles system was determined by Thermal Gravity Analysis (TGA, Shimadzu DTG-60H, Japan). and 1c, the functionalization resulted in formation of core-shell structures, so that the coating by the copolymer in both the cases with and without curcumin occurred via single core encapsulation process. The formation of such a core-shell is assumed as the following: after being penetrated into the center of PLA-PEG nanoparticles (of about 50 nm in size [10] ) the Fe 3 O 4 nanoparticles attract PLA component to form strong binding on the core particle surface, so that the outmost size of the then copolymer particles become reduced to about 20 nm. For Fe 3 O 4 @PLA-PEG/Cur nanoparticles, curcumin molecules -due to their hydrophobic property are assumed also to penetrate into the copolymer particles center and absorbed on the Fe 3 O 4 particles surface to even enhance the biding of Fe 3 O 4 nanoparticles with coating layer, and making the diameter of the whole system remain almost the same as that of the case without curcumin. 
RESULTS AND DISCUSSION
Size and structure of nanoparticles
FT-IR spectra
As shown in FT-IR spectra of Fe 3 O 4 and Fe 3 O 4 @PLA-PEG nanoparticle samples (Fig. 2) As shown in stability of 3F.3P, 4F.3P, 5F.3P, with increasing concentration of Fe 3 O 4 nanoparticles, the proportion of PLA-PEG copolymer will decrease, leading to a decrease of hydrophilic component (PEG), and therefore the stability of dispersion of the Fe 3 O 4 /PLA-PEG nanoparticles will decrease [12, 13] . However, when the concentration of PLA-PEG/Fe 3 O 4 rises too much (in 1F.3P and 2F.3P samples), it is possible to form clusters of Fe 3 O 4 @PLA-PEG nanoparticles [13] which results in a decrease in dispersion stability of Fe 3 O 4 /PLA-PEG nanoparticles. Thus, the most suitable ratio for stable purpose of PLA-PEG:Fe 3 O 4 in Fe 3 O 4 @PLA-PEG nanoparticles is 0.3:3 (mg/ml) (3F.3P sample stable for more than 90 days).
Magnetic hysteresis curve measured at room temperature for Fe 3 O 4 nanoparticles coated by various mass ratios of PLA-PEG are shown in Figure 3 . The as-measured saturation magnetization values M s as-me , and those calculated based on the nominal percentage of nonmagnetic polymer mass, M s nom , for the sample series are gathered in Table 2 . As can be noticed from the last column of Table 2 , not only no reduction in saturation magnetization caused by the functionalization has been observed in any of the coated samples; but even a significant increase (up to 10 %) of magnetization is evidenced. In other words, our experiment indicated that the coating with an appropriately biodegradable polymer (PLA-PEG) may restore somehow the magnetization reduction of the core Fe 3 O 4 nanoparticles that was resulted during nanoparticle synthesis in general, and their coprecipitation synthesis [14] . On the other hand, the accompany of the highest saturation magnetization with the highest stability in 3F.3P sample suggests that dispersion stability could be a crucial cause for getting highly magnetization restoration.
Magnetic properties of curcumin loaded system
To investigate the influence of curcumin loading, two compositions of Fe 3 O 4 : PLA-PEG of 3:0.3 (3F.3P) and 5:0.3 (5F.3P) were used as the base composition. The optimal amount of curcumin was found to be of 0.7 mg/ml, and the samples then were denoted, correspondingly as 3F.3P.7C and 5F.3P.7C. The nanoparticle samples of Fe 3 O 4 , Fe 3 O 4 @PLA-PEG and Fe 3 O 4 @PLA-PEG/Cur were analyzed by TGA (diagrams shown in Figure 4 ) in order to estimate experimentally the mass contribution of nonmagnetic coating materials of PLA-PEG and curcumin in the samples. Table 3 summarizes the TGA-determined mass percentage m ex along with the nominal mass m nom for the coated samples with and without curcumin loading. The data indicate that, except for one sample, the mass percentages determined experimentally by TGA are in good agreement with those used in nominal composition. Influence of curcumin loading on the magnetic properties was studied for the stable samples 3F.3P and 3F.3P.7C. The saturation magnetization obtained from measured curves in [14] . 
